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SECTION I

1 NlXOl )t’C F I ON ANt ) SUMMARY

t h e  goa 1 of t h its  pro gr am is to develOP d Ic ’ 1 e’c t r i e s  t h a t  w i l l

si ’rv e ’ t h~’ t e l i  ow i ng three bas Ic purpose ’s in g.t I l ium a rse ’n ide dew ice

t e’c hno I ogv

• Pass iv.i t. ion — redut ’ t I on 01 t he number 01 e l e c t  r I ca l l  v
ac t  t v ~ c cut ~‘rs (“sur face s t a t s ’s ’’) at t lie se’miconduc t or
s t i r t  .~c ’  so t hat th e ’ s u r f a c e  potent ial can he modu—
I at  i ’d by cont ro I e I e’c t rodes ( “ ‘ i t t ’s ”)  O V e ’ r l v i  ng the
d ie  l e c t  r ic .

• ls ,’lat ton • tnsulat Ion ot cent rot e lec t rodes  t rorn
eac h other and t rom the, ~uhst ra te

• Inca ps u I at ion — over~-o.t t I ng 01 opera I I ona I ci rcti its t o
re duc~’ t he ’ ir sens I t I v i t  v t o cuv I ronment .i I I nfl  u ence’s

t o  se rve t hess ’ t hree purposes , Hughes A l  rer.it t Conpanv is develop—

i ng .i var le t  v ol depos It ed d [e l e ct r i~’S • icc liii I qites t or depos it lug

hess ’ die icc t r Ic  mat eri.i Is are being dcvi’ I oped under Hughes tnt  eru,i 1

funding. Fva I cia t ion and opt int l . .it ton o t these mater i.il s I or ~.iAs dcv i cc ’
.IpP l I ~- .it ions are be ’ lug per formed under the sub ccl  ~‘ont ract

The fo 110W 1 ng mat e r i,ils a r ’  bet U t ~ dev ’ 1 opec! :

• C.l \ A I \ O~ (gallium—a l urn I ntim oxide’) , r e f e r r e d  t o as
(Ca , A l  ) O

• ~~~~~~~~ 
(g 1 t u r n — s i  l i t  on ox ide ’) 

• or (C .i , Si )O

• AI \Si \.O.. (aluminum—si I icon oxide ’), or (Al , Si)O

• SiO~N~, ,sl 1 icon o x v n i t r i d e )

• (Si , Ce) N (sit Icon—germanium n i t r i d e) .

Three has ic t e c h n I ques I or depos I t I ng t hess’ m at  e’ r La I s  are be I ng eva 1 ua t ccl

• N -ro t v t  I c chemica l vapor di’po~ It ion ~t ’VP)

• Pt . i sm a— enhance d  deposit ion (l’ED)

• P h o t o c h e m t s ’aI  de ’pos i t  ion ( I’CD ’)

(‘I

___ _ _ _  
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~b Is t s ’pot t dt ’s~~t ihes t his’ I’ rogrc’ss mads ’ during t lie ’ I I rs t  s i x  P10111

0 t the ,o f l t  rac t  • D u r i n g  this pert oct , cons I ~icr.it’ It ’ deve I opm~’tit and n~oJ I —

I I ca t  ion ot PEt’) and P( ’fl eqil Ipment we ’re p e r f o r m e d  t o  meet t lie r~’qti I t t ’ —

ment 5 ot  t Ii is program. SI lic e t hi’ ~~V t o  Iv t to r i ’,Ic to r , w it t~’hi had bs ’ s ’u

re iot ’at ed , h,id not bs ’~’om~’ ~s p e r % t  tona l by tii ’ end ot t h is  r~’pov t tug

per b e t  • it was not u sed I or thess ’  in i tt  .11 5 tc id Ics • Sec t  I s~fl .‘ Jess ’ r ib t ’s

the equipment ht ’ iu tg use d I or t h i s  .ont  ra~’t ati~l dl St ’ 5 1 5 5 s ’S t 1it~ c t i r rs ’t t t

cap ib i l l  t Ii ’s ot  t h e  va r ious p 1 e’c s’S o t  . l p p a t . i  I its .

U si  t ic~ PEP .ittd PCI) • several die ’ Is’c t  r it ’ t i t  ms Wi i c  pr i ’pa red and

eva lei.it i’d t O t  ~‘Item i~’ .t I co rnpos it  Ion by .iu~~~r i- l i -c t  ion sps ’c t  t o s c o p v  ( ‘ O S ) .

tIte’se st cid I es wer e’ he’ 1 p t nt  in r~’v~’a II ng ~ie t t o t  ens ’ i es In the experiment .t

d5’P05 t ~~~ ~~~~ t ems atiti lii o~ t .ii n lug in form at ion s , ’ncs ’rii tug t lie slepi ’ttd —

ence of film csimpos i t  [ott on d ’ p~’s I I Ion pat . i ’ u ’t ers • Fite r~ ’s u I t  I

s tud i t ’s , i te ’ d isc usse d in Se ct  ion ~. t out t o i l  tn~ t hus ’ ~ ‘mposi I ion ,‘t  i’ s P

I I ims cout a lii i tu g nit roge ’n has been t roit h I i’sonte I’ecati ss I “\~ s i t  , O~i

I arninat ion. ~h’re work w i  1 I b requires! in t h i s  n~ ’a t ’s ’ t  ,‘rs - I i , - .. ’ I t

t i irns can b~’ ‘va I cia t eel t or dcv ici~ app Ii cat  Ions . ~ompos i t  I en . , ‘:~ , ‘ I o l

N’I) oxide f i lm s  appears  to be re lat  lye Iv st t . t i gltt I orw.trd .

Before the s ta r t  ot th is  cent rat ’ t , a propr j e t  .i i v  Pt P I I tnt w, is

cis~vc~ 1 oped at Hughes. iii is t t I m  has pi’~~’i’n lit gh lv sn, ,- s ’s si i t t  I ~‘i- I so I

t ion .ipp i ic .i t ion s in CaA s in tegra t ed c i r c u i t s  It ’s) and p lanar t I \ 5

c ha rge—coup It’d dev ice s  (t ’CPs ‘I . i’Ite ’ compost  I ion ot t Iii I I tnt was elI 5—-

ci o~~ cl to the A ir i ou- cc e’c’hn is ’ at  persotme I mon it  or I tug t his con t t’.ic I

.i program rev i ew Its ’ Id at W r Ight  t Pat. t ~‘t’son A i r  ~~ rc s ’ flase , 1-. Novcm i’s ’ r

1 978. Tb is m at e r  I a I i s .i I so b e i n g  eva I u.i t e51 as a it cit c. ipsu t a u t  1 0 t

dev ice ’s us ing Hughes inti’rn•i 1 fund ing . Rec’ausi’ 01 t ilt ’ sue c,’ss ~ t I I t t  $

mater Ia I for iso t a t  I i ’ ll app 1 ic.tt lotus , we have shu t I I  i’d our eniphtas is

oward pass ivat ion , t hue’ most ci 1 f f  I cii It .Ipp Ii cat Ion ot dii, lee r ics in

• t ,uAs de ’v ice app i t eat Ions.

2
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•_-~~~ - ~~~~~~~



S E C t I O N  ..~

EXPER IMENTA l. EQU IPMENT AND PROCEDURES

The PED sys t em presentl y being used is shown in Fi gur e 1. The tall

unit on the  le ft is an LEE Corporation mode l PNI)—301 plasma silicon

n itride deposition sy stem mod ified to permit mass flow contro l of reac—

ta nt gases and improved pr essure monitoring. The unit on the ri ght is

a gas supply cabinet which houses the reactant gases. A schematic of

the gas flow system is shown in Figure 2. The units marked “MFC” are

mass fl ow controllers.

In opera tion , samples are loaded onto the hot plate , which is con-

tinuously heated to the deposition temperature. The system is then

pumped down to a moderate base pressure of \d0 2 
mm Hg (1 Pa) before

the reat-tant gases are introduced . The f l o w  ra t es of the gas es are

then adjusted to t h e  desired values , either by adjusting the MFCs or

b y monitoring the system pressure using an MKS Baratron capacitance

manometer. The flow rates of nitrogen and nitrous oxide are always

controlled with the flow controllers. It is more convenient , however ,

to control the flow rate of silane using the manometer because this

avoids the need for frequent recalibrat ion of the silane mass flow con-

troller. On several occasions , decomposi tion of silane within the

un it has caused the silane MFCs to become inaccurate. We have experi—

enced no trouble using the MFCs with dilute germane.

Once the gas flow s have stabilized , the rf power is turned on,

initiating a glow discharge (plasma ) within the chamber. Typical rf

powers used in our system are about 65 W. Film thickness is primar ily

determined by deposition time . The spacing between the silane dispersal

• ring and the hot plate has a pronounced effect on thickness uniformi ty

but a lesser effect on deposition rate. The effect of the spacing

between the hot plate and the rf coils has not been investigated .

Three PCD systems are presently in use. The earliest unit , shown

in Fi gure 3, employs static reactant gases. The chemical reactions

emp loyed are induced by mercury photosensitization. That is , 2537 uv
lig ht excites mercury in the gas phase to a state 5 eV above the ground

stat e:

8

_ _ _ _ _  
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• Figure ~. Schematic of gas flow sy stem of the p l asma—enhanced deposition s~-s—
• tern shown in Figure 1.

10

L ..



_ 
~~~~- • - -- - -- .--~~~

. . •

Hg + hv (2537 A) -÷ Hg (1)

where the asterisk denotes the photoexcited state.

The excited mercury then transfers its excess electronic energy

to the reactant gases. For example , silicon nitride can be formed by

the process

• H g + 3 S i H
4

+ 4 N H
3

-’ S1
3
N
4
+Hg + l2 H2 . (2)

Sil icon dioxide can be formed by the processes

* 3Hg + N
2
O -~~N2

+ O ( P) + Hg (3)

and

SiH
4 

+ 2 O( 3P) -÷ Si0
2 . ( 4)

The static reactor shown in Figure 3 has been used to prepare all the

PCD oxides and the PCD nitrides other than silicon nitride studied to

date on this contract.

The second reactor, shown in Figure 4, is a production PCD reactor

developed in a joint program between Hughes and Tylan Corporation.

This “dynamic ” reac tor uni t emp loy s f lowing reac tan t gases and merc ury

photosensitization. It is capable of depositing a variety of oxides ,

ni trid es, and oxynitrides. It has been used to deposit all the PCD

silicon nitride films studied to date on this contract.

The pyroly tic CVD reactor that will be used on this contract is

shown in Figure 5. This unit is a helium leak—tight , highl y in terlocked

system capable of growing a wide variety of oxides, ni trid es , and oxy—

nitrides with a high degree of composition control. It operates at

ambient pressure. Sample heating is prod uced by rf hea t ing of a

graphi te susceptor coated with silicon carbide. A feedback circuit

permits very rapid variations of temperature to he produced controllablv .

This capabili ty permits films to he deposited on GaAs at temperatures

at which GaAs normally dissociates. For example , silicon ni tride can

be deposited very rap idly at 700°C. By ramping the sample temperature

11 
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from 250°C to 700°C in 9 sec or less, silicon nitride films have been

deposited on GaAs with no observable degradation of the GaAs surface.

This reactor ha8 been returned to operation following relocation and

will be used extensively in the next semester of this program .

_ _ _   
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SECTION 3

CHA RACTERIZATION OF DIELECTRIC FILMS

At the beginning of the program , we had already developed the

capability to deposit silicon nitride films by PED with less than

5 at .% oxygen contamination and to prepare silicon oxynitride films by

PEI) over a wide range of compositions . The primary tasks undertaken

in t h e  area of PED were to equi p the PED system to deposit germanium

nitride and silicon—germanium nitride and to perform initial experi—

ment s to determine deposition parameters that yield stoich iometric

germanium nitride.

System modification was performed under Hughes internal funding.

t h e  existing PED system was fitted with a germane inlet manifold includ-

ing a mass flow control unit and associated valves , filter , and regu—

lator. The germanium source used is l.5~ GeH4 in argon . During this

reporting period , films of PED “Ce
3
N4
” were prepared at N 2:Ge}14 f l ow

ratios of 7:1 to 27:1. An rf power of 65 W was used, Substrate temper-

ature was 200°C. Auger analysis indicated that all of the f i l m s  pre—
• par ed were germanium rich. The best result , using handbook Auger sensi-

tivities , was obtained in the films grown using an N 2 :GeH4 ratio of 2 7 : 1 .

• The composition deduced was 77% Ge , 19% 0, 4% N. The heavy orygen con-

tamination of this film was traced to a leak in the system ; the leak was

subsequently repaired. During the next semester of the contrac t , PED

Ge
3
N4 

films wi ll be prepared at hig her N 2 :GeH 4 flow ratios , and studies

of Si Ge N films will be undertaken.
x y z
The primary emphasis of the PCD studies during this report period

was in the area of silicon nitride deposit ion . PCD “si 3N4
1’ films were

prepared us ing NH
3

:SiH4 
flow ratio s between 5:1 and 65:1. All films

were prepared in the gas—dynamic reactor (Figure 4). Auger analysis

was performed using sensitivity factors for Si , N , and 0 deduced from

Rutherford backscattering analysis of oxygen—contaminated pyrolytic

S1
3
N4 

films. The results are presented in Table 1.
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TABLE 1. Composition ef PCD “Si
3
N
4
” Films

NH 3:SiH 4 5 15 30 65Flow Ratio

at . % Si 60 57 46 61

at . Z  N 22 30 ‘3 3 33

at .% 0 13 7 2 1 6

at . Z C  6 6 0 0

Sensitivies: SI = 1 , N = 0.6 ,
0 = 1 , C — 0.5

These results show that increasing the ammonia conc out rat ion has a

benef ic ia l  e f f e c t  on the S i :N ra t io  in the f i l m s . Hi gh ammonia couc tu—
t rations also appear to resul t  in a lower carbon concent r at  Ion . ( flue
hi gh level of oxygen c o n t a m i nat i o n  In the  f i l m  grown at  a 30: 1 r at  to el

NH 3 :Si H4 is p robab i v  t h e  resul t  of a leak in the PCI) r e ac t  or.t It

• appea rs , however , that  a fu rther increase in the  NH .3 :Si l l , r at i o  w i l l  be
• necessa ry to achieve s to ich lomet r i c  Si:N r a t io s .

In addi t io n to the PCD “Si 3N4” f i lms , severa l other I’ i i m s  were

p repared by PCD and evaluated by AE S. P r e l i m i n a ry  “Ce 3N 4 ” [ I  lms p i t —

pared for t h i s  contract  were found to he essent  [a I lv pure Ce and vei’v

thin. Films of Ca 203 and Sb 2 prepared in t h e  sI u t  Ic r eact  oi- were
• f ound to be ve r y pu r e • “A l  •) O~ ” f i l ms were found to contain subs tant I a I

carbon contamination.  Thi s is not s u r p r i s i n g  bec a u se a luminum t n —
methy l  was used as the  aluminum source.  The t a c t  t h a t  the Ca ~0 I I In .

prepared using t r im c t h v l  gal l ium , was carbon t ree , however . i n d i c a t e s

tha t  car bon contamination of the  “Al  ~O ~“ f.i Ins Is not necessar l  i v  t t ie

result  of using a metal a lk v i .

Hughes internal  fun d ing  was used to prepare  t’ t i n s  of “A l  N ,”

“ h O 2, ” and “CaN ” by PCD in the s t a t i c  reactor. The It o , t I in , pre-

pared using t i t a n i u m  ch lo r ide  as t he m e t a l  source , was l i g ht  Iv con-

taminated  w i t h  carbon ; the source of the (‘8 rhon I s  unknown • Bet ii o I )
the “n i t r i d e ” f i l m s  were heav l i v  oxy gen cent aminat ed .
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The results to date indicate that i t  is very d i f f i c u l t  t o  pr epare

good n i t r i d e  films in the static PCD reactor.  Preparation of oxide

f i lms  by mercury—sensitized PCD appears to be qui te  straigh t for ward .

Accordingly ,  we wil l  concentrate  on the use of the gas—dynamic sy stem

f o r  further PCI) nitride studies.
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SECTiON 4
I

PRO GRAM PLAN FOR 16 DECEM BER 1978 THROU GH 1 5 J UNE 19 79

Beca use of the success of our isolat ion d i e l e c t r i c , we w i l l

concen t ra t e  on gate insula t ion  (pass iva t ion)  s tudies  for  the immediate
• f u t u re. PED f i l m s  of “Si 3N , ” and (SI , Ge)~ w i l l  he explored extensively ,~~~

du r ing  the  next s ix  months .  E f f o r t s  to r educe oxygen con tamina t ion  j
of PCD n i t r i des  w i l l  cont inue . (Al , S i )O and (Ga , Si) O s tud ies  w i l l
be unde r taken next because they require  only  one organo—m et a l l i c  source . • . 

-

(Ca , A I ) O  requires two organo—m eta l l ic  l ines . We do not an t ic i pate t h a t
study of the  l a t t e r  sy stem w i l l  he undertaken in the next , period .

I.
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